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Abstract 
A COMPARISON OF STRENGTH IMPROVEMENT ON FREE 
WEIGHTS AND THE UNIVERSAL CENTURION 
by 
David J. Davies 
This study was designed to investigate the comparative 
effectiveness of free weights and the Universal Centurion 
in improving muscular strength. The subjects were twenty-
two male students enrolled at Loma Linda University in 
La Sierra, California. Subjects were divided into two 
experimental groups, one training with free weights and 
the other with the Universal Centurion. The bench press 
exercise was utilized as both the exercise medium for 
the eight-week training period and also as the testing 
medium for the pre- and post-tests. 
Pre- and post-test differences between the two groups 
were compared by an analysis of covariance. Results of 
the analysis revealed that the Universal training group 
demonstrated significantly greater post-test strength 
than did the free weight training group. 
It is concluded that an individual would develop 
significantly greater strength in the bench press exercise 
by training on the Universal Centurion than with free 
weights. 
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Three major types of weight training have evolved 
to meet today's needs. Isotonic exercises, those which 
involve movement have been utilized the longest and are 
still the most widely used. In the early 1960s isometrics, 
exercises without movement, gained so much recognition 
that for a short time their use rivaled that of isotonic 
exercises. This was due to their rise in popularity in 
Germany, resulting from the research of Hettinger and 
Muller (Hettinger, 1961). However, isometrics soon lost 
much of their appeal when compared to isotonics (Massey, 
Nelson, Sharkey, and Comden, 1965). Research comparing 
the two weight training methods demonstrated that isotonics 
provided greater strength gains than did isometrics. The 
third and most recent type of weight training that has 
been developed is isokinetics, exercises which maintain 
maximum resistance throughout the range of motion. These 
were demonstrated to be the most valuable of the three 
in producing strength (Pipes and Wilmore, 1975). In spite 
of this, isokinetics are not widely used due to the large 
amounts of money required to purchase isokinetic machinery. 
As a result, isotonics have stood the test of time and 
fulfill the great majority of weight training requirements. 
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During the first three decades of this century, 
isotonic weight training was discouraged by physicians, 
coaches, and trainers (Hoffman, 1961:7; Sills, Morehouse, 
and DeLorme, 1962:35,85; Rasch, 1979:vii,l). They felt 
that it reduced a person's flexibility and speed of move-
ment (commonly referred to as being "muscle bound") and 
that it damaged the heart. Consequently, it was left 
largely to professional weight lifters until after World 
War II when it was brought into general use by an army 
surgeon, Thomas DeLorme, who had been using isotonic weight 
exercises for rehabilitation purposes. His work brought 
the term "progressive resistance exercise" to the fore 
and laid the basis for most of the popular weight training 
programs of today (DeLorme, 1948). After the work of 
DeLorme, the average individual who was interested in 
increasing his strength used isotonic weight training 
to do so and it became a popular subject in the literature 
and generated a considerable amount of scientific research. 
Individuals engage in weight training primarily 
for three reasons; strength gain, increased muscle bulk, 
and rehabilitation. Of these three, the function most 
commonly sought is an increase in muscular strength. 
In order to achieve the desired strength gain, many 
types of isotonic weight training equipment have been 
devised. In the past two decades the market has been 
flooded with various devices for improving strength. The 
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bewildered consumer is faced with the problem of trying 
to determine which equipment will be valuable in helping 
him achieve his goals. Two of the most popular types 
of weight training equipment being used by weight lifters 
are those that have been around the longest, barbells 
(also known as free weights) and the Universal Centurion. 
Barbells consist of a round metal bar of varying 
length with weights attached at each end. The weights 
are round and flat, usually made of iron or vinyl-encased 
cement. Collars hold the weights in place after they 
have been slipped onto the bar. Barbells have several 
advantages in that they are fairly inexpensive, can be 
easily moved, can be used for a large variety of exercises, 
and can have their weight changed in fairly small amounts. 
Also, an almost unlimited amount of weight may be added 
and the range of motion is not restricted by a fixed bar. 
The Universal Centurion is a multi-station weight 
training machine manufactured by the Kiddee Corporation 
of Cedar Rapids, Iowa. It usually involves two leg stations 
and between four and eight stations which exercise the 
upper body. The weights are fixed so that they can only 
move in a vertical direction and do not need to be balanced 
as barbells do. As a result, less technique is needed 
to perform exercises on the Centurion. The weight can 
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not be dropped on oneself so there is less fear of injury 
and weight can be added or subtracted very quickly. Finally, 
some exercises can be performed on the Universal Centurion 
which can not be performed with free weights. 
Obviously, the two devices have similarities and 
differences. The choice of which of the two has the greater 
effectiveness depends upon the purposes for which they 
are to be used. If strength is the desired outcome, then 
evidence of comparative effectiveness in developing strength 
needs to be established. 
The Problem 
The purpose of this study was to increase the aware-
ness of those involved in weight training as to which 
of two types of weight training equipment would better 
meet their needs. This was achieved by demonstrating 
which of the two produced greater strength through training 
with the bench press exercise. Such information will 
be valuable to the athlete, coach, and individual interested 
in fitness who is seeking the best method to increase 
muscular strength and thus improve physical performance. 
Also to be considered is the fact that while a set of 
barbells and a bench may be purchased for between seventy-
f ive and one hundred and fifty dollars, a complete Universal 
Centurion may cost from four to six thousand dollars. 
To date there is little indication in the literature that 
one of these types of equipment is superior to the other 
in producing muscular strength. Therefore, this study and 
others of a similar nature are very much a necessity. 
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Statement of the Problem 
The purpose of this study was to determine which 
of two types of weight training equipment, free weights 
or the Universal Centurion, would produce greater strength 
in the bench press exercise. 
Limitations 
The different characteristics of the two types of 
equipment being compared impose some limits on the study. 
The Universal Centurion has weights in only ten-pound 
increments while the barbells can have weight changes 
of as little as two and one-half pounds. As a result, 
weight changes on the free weights during training and 
testing also had to be limited to ten-pound increments. 
THere is also a difference in the starting position 
of the bar for the exercise. The barbell bar is touching 
the chest before the press, while the bar on the Universal 
Centurion is at a fixed height and can only be raised 
or lowered at one-inch levels. Therefore, when starting 
the press with the Centurion, the bar may not be at the 
precise level of the chest. However, the effects of this 
slight bar height variance are seen as negligible. 
The maximum weight on the Universal Centurion is 
two hundred and twenty pounds. While it is unusual to 
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have any beginning weight training subject exceed this 
limit, it is possible. Consequently, it was necessary that 
subjects who exceeded this level be excluded from the study. 
The fact that the subjects in this study were students 
who voluntarily chose to enroll in weight training classes 
suggests that they had a desire to take the class. Still, 
some subjects may only have participated because the class 
was offered at an opportune time. Due to the complexities 
involved, this study will not try to determine subject 
motivation. Group equivalency will be assumed because 
of random selection. 
It is generally well accepted that other factors 
such as sleep, diet, or health habits of subjects could 
possibly influence performance. It is assumed that these 
variables were comparable in the two groups. 
Delimitation 
The sample for this study was delimited to students 
who voluntarily enrolled in a weight training class at 
Loma Linda University. 
Hypothesis and Assumptions 
Hypothesis 
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It was hypothesized that there would be no significant 
difference in strength between subjects who trained on 
the Universal Centurion as compared to those who trained 
with free weights. 
Assumptions 
As a basis for this study it is assumed that: 
1. The bench press is technically the same exercise 
when performed using either barbells or the Universal 
Centurion. 
2. Each subject received an equal amount of instruc-
tion and technical advice from the weight training coach. 
3. Subjects were sufficiently motivated to put 
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forth an honest effort to lift the maximum weight possible. 
4. Spotting assistants for those subjects utilizing 
barbell equipment neither positively or negatively influenced 
their ability to lift. 
Definitions of Terms 
Bench Press 
The bench press is a weight training exercise in 
which the subject lies supine on a bench. The bar to 
which the weight is attached is held in the hands, palms 
upward, at chest level. The weight is then pressed to 
full arm extension and lowered again to the chest. 
Dynamic Exercise 
In dynamic exercise there is actual movement of 
some body part or parts while muscles are contracting 
to push or pull against a resistance. 
Isokinetic Exercise 
Isokinetic exercise involves weight training equipment 
which keeps the resistance at its maximum throughout the 
entire range of motion of the joint. 
Isometric Exercise 
Isometric exercise occurs in a situation where the 
muscle contracts but no movement takes place due to the 
magnitude of the resistance. 
Isotonic Exercise 
Isotonic exercise is the same as dynamic exercise. 
Its main characteristic is actual body movement during 
exercise. 
Progressive Resistance Exercise 
Progressive resistance exercise is a term made popular 
by DeLorme in describing the practice of continually in-
creasing the resistance as the muscles become stronger 
and able to handle more weight during a training program. 
Repetitions Maximum (RM) 
Repetitions maximum is the total number of times 
that a certain amount of weight can be lifted by an indivi-
dual. 
Set 
A certain number of prescribed repetitions for a 
particular exercise during a weight training program is 
referred to as a set. 
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Static Exercise 
Static exercise is the same as isometric exercise; 
i.e., exercise which does not involve body movement. 
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Chapter 2 
REVIEW OF THE LITERATURE 
Increased muscular strength has come to be recognized 
as being of value in improving performance in practically 
every sport (O'Shea, 1976:81-84). Athletes, coaches, 
and trainers are continually searching for the most produc-
tive weight training programs and equipment to meet this 
need. As interest in personal fitness has continued to 
spread, it also has an important application to the general 
populace. 
This chapter consists of four sections. The first 
contains an examination of the comparative strength gains 
produced by isotonic and isometric weight training. Part 
two is composed of literature that lays the basis for 
isotonic weight training theory. Studies which compare 
strength improvement between barbells and the Universal 
Centurion are found in section three. Finally, studies 
demonstrating the validity of instruments for measuring 
strength gain are reviewed. 
A Comparison of Isotonic and Isometric 
Weight Training 
An important question to be answered when seeking 
maximum strength gain, is whether isotonic weight training 
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or isometric exercises should receive preference over 
the other as being better able to produce the desired 
results. 
Hettinger and Muller (1953:111-126) did the original 
research with isometric weight training. Their results 
suggested that isometrics were superior to isotonics in 
improving strength. They were originally looking for 
the least amount of isometric exercise which would improve 
strength (Sills, Morehouse, and DeLorme, 1962:28). They 
found that one six-second isometric contraction of less 
than maximum strength would accomplish this objective 
if performed once a day. Better results were not obtained 
when subjects performed the exercises several times per 
day or for longer periods of time. 
The results of Hettinger and Muller were supported 
by Rarick and Larsen (1958) who studied the effect of 
isometric wrist exercises on the muscular strength of 
thirty postpubescent boys. Subjects were divided into 
a control group, an exercise group which followed Hettinger 
and Muller's regimen of one six-second contraction daily 
at two-thirds maximum tension, and another exercise group 
which trained with similar contractions but at four-fifths 
maximum tension and from five to eight times per day. 
A four-week training program revealed that both groups 
developed strength equally well. It was noted however, 
that the training group which exercised at greater tension 
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and more frequently did have better strength retention 
when tested four weeks after the end of the training period. 
Liberson and Asa (1958) also found results similar 
to those of Hettinger and Muller when they studied a finger 
abduction exercise performed isotonically by one group 
and isometrically by the other. The isotonic group and 
half of the isometric training group performed the exercise 
for six seconds daily. The second half of the isometric 
training group performed the same six-second exercise 
twenty times per day. Each group contained thirteen sub-
jects between twenty and forty-five years of age. Subjects 
in all groups had significant improvement in strength. 
The only variation from the results of Hettinger and Muller 
was that the isometric group, which trained with twenty 
exercises each day, demonstrated superior improvement 
over the other isometric group. Liberson and Asa were 
so impressed with the results that they concluded that 
physical therapists should reject all but isometric exercises. 
Other research of this era revealed different results. 
Rasch and Morehouse (1957) and Darcus and Salter (1955) 
found isotonic exercise to be superior to isometric exer-
cise in several ways, including strength gain. McGovern 
and Luscombe (1953) found that not only did dynamic training 
result in greater strength gains than did isometric training, 
but the increased strength evolved much more rapidly. 
Hellebrandt (1958) noted strength improvement as great as 
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twenty times that reported by Hettinger and Muller when 
using weight training programs based on isotonic principles. 
Later studies have, for the most part, supported isotonic 
exercise, rather than isometric, for improving strength 
(Massey et al., 1965). 
These two groups of researchers failed to take into 
account the practical application of the increased strength 
which subjects of their studies had demonstrated. Although 
research with isometric exercise indicates an increase 
in static strength, it does not necessarily follow that 
that strength will be valuable to an athlete who wishes 
to use it in dynamic motion (Sills et al., 1962:28). In 
fact, strength gained by static training is specific to 
the joint angle at which the exercise was done and does 
not involve an equal gain throughout the range of motion 
(Sharkey, 1979:67). The results of Berger's study (1962) 
demonstrated that an increase in static strength did not 
correspond with a similar improvement in dynamic strength 
and an increase in dynamic strength did not cause the 
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same increase in static strength. Research has shown 
that if the desired result is strength in dynamic motion, 
then the training program will be more successful with 
isotonic exercise (Sharkey, 1979:81). 
Basic Theory of Isotonic Weight Training 
The principle of specificity of training indicates 
that the exercise training method should, as closely as 
possible, approximate the same type of movement that the 
athlete intends as the desired result. For example, a 
runner does not train for the marathon by throwing the 
discus; he trains by running. For this reason, isotonic 
weight training is superior to isometric weight training 
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in producing strength for action because action is involved 
in the training. This same principle of specificity of 
training applies within the realm of isotonic weight training. 
The type of isotonic weight training program to be used 
should be determined by the desired outcome. 
Gordon's research (1967) on the response of labora-
tory animals to different exercise programs led him to 
conclude that an individual could train for either muscle 
strength or muscle endurance. Physiologically, contractile 
muscle proteins increased, yielding greater strength, 
if the training was strength oriented (less exercise dura-
tion but greater load). If endurance type training was 
employed, then the aerobic enzymes increased, resulting 
in increased endurance. The most important contribution 
of his study was that an increase in a muscle's strength 
corresponded with a decrease in its endurance, while an 
increase in endurance resulted in reduced strength. 
Berger (1970) studied the strength and endurance 
of sixty-one college males on the bench press exercise. 
Maximum strength was considered to be one repetition 
maximum (RM) and muscular endurance was the number of 
times a load of one-half of maximum strength could be 
pressed. Results revealed that while dynamic strength 
influences dynamic endurance, it is a poor indicator of 
that endurance; i.e., an increase in dynamic strength 
does not result in a proportional increase in endurance. 
Berger's conclusions were given further support 
by a similar investigation conducted by Shaver (1971). 
Forty male college students were divided into one strength 
group and two endurance groups. Absolute dynamic endurance 
was the number of RMs that a subject could perform at 
three-quarters of the group's mean maximum strength, while 
relative dynamic endurance was the number of RMs at three-
quarters of the subject's own maximum strength. Correla-
tions were examined between the strength group and the 
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two endurance groups. Shaver found that a significant 
correlation exists between strength and absolute endurance 
(the group's endurance) but that there is no relationship 
between maximum strength and relative endurance (a subject's 
own endurance). 
Prescriptions for different weight training programs 
clearly need to be developed in order to effect the desired 
results: strength, endurance, or muscle hypertrophy. The 
most important work done in this area was that of DeLorme 
and Watkins (1948). DeLorme recommended low-resistance--
high-repetition exercise to develop endurance and high-
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resistance--low-repetition exercise to improve strength 
and muscle size. He indicated that one to three repetitions 
for three to four sets with maximum load would cause the 
greatest strength increase. Endurance would be best served 
by a program involving from ten to twelve repetitions 
for three to four sets with maximum weight. DeLorme's 
program involves starting with one-quarter of the maximum 
weight for the given number of repetitions and then in-
creasing each set by one-quarter of the maximum weight 
until the maximum is reached. At that time the given 
number of sets would be performed. This type of program, 
or a variation thereof, is used by most competitive weight 
lifters and coaches today (O'Shea, 1976:25). 
Buck (1962) tested DeLorme's program and found it 
to be reliable. Forty-nine male college students trained 
for seven weeks with eleven calisthenic and b~rbell exer-
cises. A weight group did exercises with heavy weights 
and few repetitions and a repetition group performed their 
exercises with lighter weights and more repetitions. Pre-
and post-test comparisons revealed that the weight group 
was significantly superior in seven out of the eleven 
tests while the repetition group was superior in none 
of the tests. 
Zinovieff (1951) believed that the DeLorme program 
developed excessive muscle strain. Consequently, he developed 
a well known program called the Oxford technique. It still 
used heavy resistance and few repetitions but started 
with the maximum weight, after a brief warm-up, and pro-
gressively lessened the resistance. McMorris and Elkins 
(1954) compared the DeLorme and Oxford techniques. The 
results of their study showed a S.5% greater increase 
in strength from the Oxford program than from the DeLorme 
program. They reconnnended however, that their results 
not be accepted as conclusive until further evidence was 
demonstrated. 
MacQueen (1954) surveyed competitive weight lifters 
and body builders and found that they used different 
routines to achieve strength and muscle hypertrophy. The 
weight lifters used two to three repetitions for four 
to five sets per day to improve strength. Body builders 
worked out only every other day with eight to ten repeti-
tions for three to four sets, in order to improve muscle 
size. Even though different workout routines are used 
to achieve these separate purposes, there is a positive 
relationship between muscle size and muscle strength. 
In general, the larger a muscle is, the stronger it is 
(Sharkey, 1979:65). 
It was concluded by Berger (1962) that for a combina-
tion of muscular strength and endurance, the best progres-
sive weight training program is five to six repetitions 
for three to four sets at maximum or near maximum weight. 
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Near maximum weight was defined as 90% or more of the 
maximum. O'Shea reached the same conclusions in 1966. 
A common term in weight training is the overload 
principle. This is the basis for all strength gain in 
isotonic weight training. It involves placing a greater 
demand on the body's muscles than would be placed upon 
them in a normal day's activity. As the muscle adapts 
to this increased demand, the load is increased. Sharkey 
(1979:90) suggests that it is necessary to use a load 
of at least two-thirds of the maximum to see improvement 
in muscular strength. 
In many areas of athletic endeavor, the athlete 
is much more concerned with increasing his speed than 
in improving his strength. In light of this, the results 
of a study by Chui (1964) are important to note. Seventy-
two male subjects were divided into three experimental 
groups. One group exercised with isometric contractions, 
one with rapid dynamic exercise, and the third with slow 
dynamic exercise. All groups trained with the same weight 
training exercises. After training three days a week 
for nine weeks, subjects were tested for strength with 
a cable tensiometer. Speed of the movements was tested 
both with no resistance and also against resistance. In 
each case, an increase in muscle strength corresponded 
with an increase in muscle speed. None of the three groups 
was significantly superior to any of the other groups in 
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increasing muscle speed. These conclusions were well 
established by the studies of Clark and Henry (1961), 
Smith (1964), and Smith and Whitley (1966). As a result 
of these studies, a weight trainer can conclude that when 
he increases his strength he is also increasing his speed. 
Studies Comparing the Universal Centurion 
and Free Weights 
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Silvester (1976) compared the effects that different 
types of weight training equipment had on a training program. 
Seventy-nine male students were divided into four groups. 
Two barbell groups trained with the leg squat exercise 
at 80% of one RM. One of these groups did three sets 
of six repetitions and the other did one set of six repeti-
tions followed by one set of repetitions to failure. The 
third group exercised on the Nautilus Compound leg machine 
and the fourth group trained on the Universal Dynamic 
Variable Resistance leg press station. Pre-, mid-, and 
post-tests were administered on various muscle groups. 
Each group was compared for improvement on the vertical 
jump as the final measuring instrument. Analysis of variance 
and Newman-Kuels sequential range tests revealed significant 
differences between the four groups. Leg strength increased 
significantly in each group but the Nautilus group did not 
improve on the vertical jump, while the other groups did im-
prove. There was no significant difference between the improve-
ment demonstrated by the barbell and the Universal groups. 
A study which favors the Universal Centurion over 
barbells in producing strength was published by Universal 
Gym Equipment (1976). An independent testing laboratory, 
Computerized Biomechanical Analysis Incorporated, was 
commissioned by Universal to do the research. Twenty 
male university students trained for two hours a day, 
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five days a week, for twenty weeks. Ten subjects in one 
group trained on the Olympic barbells, while the ten sub-
jects in the other group trained on the Universal Centurion. 
The bench press, military press (standing press), curl, 
and squat were the training exercises used by both groups. 
Each exercise was performed in sets of four, with weight 
being added as strength increased. Testing was done on 
the seventh day of every week. Both groups were tested 
on the Olympic barbells, with the bench press exercise 
chosen as the testing medium. Subjects were pre-tested 
in the four-week period prior to the twenty-week training 
period. Analysis of variance and slope analysis were 
used to analyze the post-test data. Results indicated 
a strength gain twice as great with the Universal Centurion 
as with the barbells. 
There are several factors which may have affected 
the validity of the Universal study. Only ten subjects 
were used in each 3roup. Also, subjects were not a random 
sample since university students were chosen who had at 
least two years of weight training experience. Using 
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subjects who had previous experience would also make it 
impossible to determine the amount of strength that subjects 
possessed at the beginning of the study, in reference 
to their absolute maximum. Some subjects may have already 
been at or close to their maximum, while others may have 
been far from it. Having both training groups tested 
on only barbells may also have influenced the results, but 
as Universal points out, any influence thus created would 
have been in favor of the barbell group as they were more 
familiar with the testing device. Another factor which 
may well have affected the validity of the study is that 
subjects trained with four exercises but were only tested 
on the bench press. The bench press and standing press 
primarily exercise the forearm extensor muscle (triceps). 
The other two training exercises (curl and squat) exercise 
entirely different muscles and their effect would not 
have been tested by the bench press post-test. Their 
effect on the results of the study remains unknown. 
Instruments for Measuring Strength 
It has been common practice when measuring dynamic 
strength to use a static instrument, such as a strain-
gauge or spring-balance (Salter, 1955; Mathews and Kruse, 
1957; Rasch and Morehouse, 1957). While a static instru-
ment is a valid measuring device of static strength, it 
would not give a reliable measurement of dynamic strength. 
A static instrument measures the amount of strength that 
an individual can exert without appreciably shortening 
the muscle length; i.e., without moving the body limb. 
A dynamic strength instrument would measure strength of 
a body part in motion, while the muscle is shortening. 
The following sources demonstrate that a static 
instrument is not an accurate measuring device for dynamic 
strength. One must assume that an increase in dynamic 
strength assures a proportional increase in static strength 
and vice versa in order to use a static test to measure 
strength resulting from dynamic training. This assumption 
has not been substantiated. In fact, Berger (1962) found 
the opposite to be true. Seventy-eight male university 
students trained either isometrically or isotonically 
for twelve weeks. A static group trained on the back-
pull machine and a dynamic group trained with the back 
hyper-extension lift with a barbell placed behind the 
neck. An analysis of covariance revealed that an improve-
ment in one of these types of strength did not result 
in a corresponding improvement in the other. When both 
groups were measured with a static instrument, the group 
which trained statically showed a greater mean strength 
increase. Conversely, when both groups were measured 
dynamically, the group which had trained with dynamic 
exercise demonstrated a greater strength improvement. 
Sharkey (1979:68) supports this and maintains that the 
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principle of specificity of training must also apply to 
measuring instruments. They must measure specifically 
the movements involved in the training program. 
Sills et al. (1962:98) recorded the following advan-
tages of the dynamic instrument for measuring isotonic 
weight training: 
There are many objective methods of measuring 
muscle strength, but only three need be mentioned 
here as practical in normal subjects: weight 
lifting techniques, strain-gauge, and spring-
balance methods. Weight lifting techniques 
usually measure the strength of isotonic contrac-
tions, whereas the latter two test isometric con-
tractions. For the purpose'under consideration 
here, evaluating strength gains by the weight 
lifting technique is preferable not only for its 
simplicity but also because it is sufficiently 
accurate to obviate the necessity for methods 
which usually require considerable time, exper-
ience, and equipment. Also, having the test 
procedure similar to the exercise has certain 
advantages: 
1) the same equipment is used. 
2) The same movement is used. 
3) The learning factor is eliminated as a variable 
since it is maximum in both test procedure and 
exercise. 
4) The results can be directly employed in setting 
up repetition resistance combinations to be 
employed in subsequent exercise bouts. 
Summary 
The literature that was reviewed indicates that 
isotonic weight training is superior to isometric exercises 
in producing muscular strength. If earlier conflicting 
results still leave any doubts that this is true in the 
absolute sense of the word strength, then the research 
does certainly support that this is true of strength for 
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athletic performance. The best training program for in-
creasing isotonic strength uses maximum or near maximum 
weight with few repetitions. To be valid, a testing instru-
ment should be dynamic in nature if measuring the results 
of dynamic training and static tests should be used if 
measuring the effects of static training. The lack of 
literature comparing the effectiveness of different types 
of weight training equipment indicates a need for research 
in this area. 
Chapter 3 
RESEARCH DESIGN AND PROCEDURES 
The structure of this research is experimental in 
nature, involving two randomly selected groups. A pre-
test and post-test were used to determine the relative 
effectiveness of free weights and the Universal Centurion 
in producing strength improvements. The research paradigm 
design is: 
Rl 01 X1 Oz 
Rz 03 Xz 04 
in which R1 and Rz are the two randomly assigned groups; 
o1 and o3 are the combined pre-test bench presses; x1 
and Xz are the two weight training devices; and Oz and 
o4 are the respective combined post-test results on the 
bench press. After both groups trained with the bench 
press for eight weeks, each with their respective equip-
ment, an analysis was made of post-test strength, by com-
paring Oz and o4 . 
Selection of Subjects 
Subjects who participated in this study were students 
at Loma Linda University in the spring quarter of 1981. 
Loma Linda University is a small private university, with 
ZS 
an approximate enrollment of twenty-four hundred students 
I 
on the La Sierra campus where this study was undertaken. 
The twenty-eight male subjects who were chosen for this 
study had voluntarily enrolled in one of two coed weight 
training classes which were offered by the Department 
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of Health, Physical Education, and Recreation. All sub-
jects volunteered to take part in the study. Of the twenty-
eight original subjects, six dropped out of the study 
for various reasons, leaving twelve subjects remaining 
in the Universal training group and ten subjects in the 
free weight training group. Subjects' ages ranged between 
eighteen and twenty-six years, with the mean age being 
twenty years. Subjects weighed between one hundred eighteen 
and two hundred eleven pounds, with the mean weight being 
one hundred fifty-four pounds. It is believed that the 
sample is representative of male university students. 
Subjects were randomly assigned within each class 
to one of two groups, one training with barbells and the 
other training with the Universal Centurion. Random selec-
tion was achieved by use of the Table of Random Numbers 
in Tuckman's text, Conducting Educational Research (1978: 
441-442). The data from the free weight training group 
in one class were combined with the data from the free 
weight training group in the other class to total ten 
subjects in the free weight training group. The same 
procedure was used with the Universal training group, 
totalling twelve subjects between the two classes. 
The Measuring Instrument 
Two types of weight training equipment were utilized 
in this study. They were the Universal Centurion and 
free weights. 
The Universal Centurion is a multi-station weight 
training device manufactured by Kiddee Corporation of 
Cedar Rapids, Iowa. It has been used extensively through-
out the United States in the past two decades by educa-
tional institutions, health clubs, resorts, spas, and 
amateur and professional athletic organizations. The 
Universal station used in this study was the bench press 
station. It involves the use of a freely movable bench 
measuring ten inches wide, by forty-eight inches long, 
by fourteen inches high. Weights are stacked vertically 
and can be fixed to a bar by inserting a removable metal 
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pin under the desired weight. Weights are available in 
ten-pound increments which can be combined to range anywhere 
between forty and two hundred twenty pounds. The bar 
allows for the hands to be placed anywhere between eighteen 
and forty inches wide and can be moved up or down in one-
inch increments in order to adjust to chest height. 
All subjects in the free weight group trained on 
a set of BFCO Olympic Standard Barbells. The bench which 
was used in conjunction with these weights is identical 
to the one which was used with the Universal Centurion. 
To assure weight accuracy, all bars, plates, and collars 
were weighed prior to pre-testing. 
The bench press exercise was chosen for this study 
because it does not require a complex technique to be 
performed properly. This is important to beginning weight 
trainers because valuable training time is not lost in 
learning the technique. The bench press exercise was 
performed according to the technique described by Rasch 
(1979:25) in his text Weight Training. The subject lies 
on his back on the bench with the bar at his chest. The 
bar is then pushed to arm's length (full arm extension) 
and then is lowered again to the chest. The bar must 
come to rest momentarily at chest level between presses 
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so that the weight is not bounced off the chest. Assis-
tants were used to lower the weight for the barbell subjects 
so that the press could be started with the bar at chest 
level as prescribed by Rasch. 
Treatment and Data Collection 
Before training started, subjects were pre-tested 
on both the Universal Centurion and on the free weights. 
All testing was administered by the researcher, who also 
encouraged subjects to do their best. Other class sub-
jects and members waited in an adjacent area, out of sight 
of the subject being tested, while testing took place. 
Subjects began with a weight judged by the examiner, based 
on the subject's body build, to be two-thirds of their 
maximum and continually added weight in ten pound incre-
ments until one repetition maximum (RM) was reached. One 
RM is the number of times that a particular weight can 
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be pressed. Subjects took three-minute rest periods between 
presses in order to minimize the ef~ects of fatigue. 
The weight training classes met two days per week 
for ten weeks. The first day was relegated to instruction 
in safety and exercise techniques. Pre-testing was done 
on day two. The following sixteen class periods made 
up the eight-week training period. Post-testing was carried 
out on the nineteenth day and the final class period was 
designated a free exercise day. 
During the training period subjects went through 
a weight training circuit twice each class day with the 
exception of the bench press exercise which was performed 
three times a day. Fellow subjects and class members 
were present during training. One weight training class 
met every Monday and Wednesday at 10:30 A.M. and the other 
class met every Tuesday and Thursday at 11:30 A.M. The 
weight training circuit consisted of the bench press exer-
cise on respective training devices as well as ten other 
exercises. Other exercises included lats, sit-ups, dumbell 
flys, two arm curl, half squat, high pull-up, leg flexors, 
leg extensors, wrist curls, and leg presses. Note that 
the bench press exercise was the only exercise used by 
subjects that exercised the arm extensor muscle (triceps). 
Exercises were done in a random order as equipment became 
available. Any subject who missed a training period made 
it up at the first possible opportunity under the instruc-
tor's supervision. Training periods were forty minutes 
in length and began with five minutes of rope jumping 
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that functioned as a warm-up to the weight training exercises. 
Based on DeLorme's findings (1948), subjects performed 
three RM for three sets of the bench press exercise in 
one work out period. This program is within the range 
of repetitions and sets that he determined to be the most 
valuable for strength gain. When a subject could perform 
more than three RM with a particular weight, he increased 
the weight by ten pounds, and trained at that level until 
he again surpassed three RM. Thus, progression was contin-
ual throughout the eight-week training program. 
At the end of the eighth week of training, a post-
test was administered. The same guidelines which regu-
lated the pre-test were employed except that subjects 
began with a weight judged to be only ten pounds below 
their maximum. Subjects were again tested on both the 
Universal Centurion and the free weights. 
Treatment of the Data 
The hypothesis was tested for significance by analyzing 
the data with an analysis of covariance. In this analysis 
the post-treatment means are compared after the groups 
have been statistically equated, using the pre-treatment 
scores. 
A two-tailed test was used because the hypothesis 
is nondirectional. Any difference between the two groups 




ANALYSIS OF DATA 
The purpose of this study was to investigate the 
effectiveness of two of the most popular types of weight 
training equipment, free weights and the Universal Centurion, 
in developing muscular strength. For this purpose, the 
bench press exercise was selected because the technique 
of the exercise remains the same when performed on either 
apparatus. The hypothesis suggested that neither type 
of equipment would be significantly different from the 
other in producing strength gains. 
An eight-week training program, with a different 
experimental group training on each type of equipment, 
was designed to test the hypothesis. In order to eliminate 
the learning prejudice of being tested on the same equip-
ment on which they trained, each subject was pre-tested 
and post-tested on both the Universal Centurion and free 
weights. A combination of the two test scores was used 
for statistical analysis. 
Raw data for each subject can be found in the table 
in the appendix. The Universal training group (N=l2) 
exhibited a combined pre-test mean of 123.3 pounds and 
a post-test mean of 151.1 pounds, as shown in Table 1. 
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Table 1 
Means and Standard Deviations for the 
Universal Training Group 
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Pre-test Pre-test Post-test Post-test 
Tested on Universal 
Tested on Barbells 
Combined Results 













The respective scores for the free weight training group 
(N=lO) are found in Table 2. The pre~test mean of 150.3 
pounds is considerably higher than that of the Universal 
group and although the post-test mean of 169.0 pounds 
is also greater, it demonstrates less improvement. 
The differences in post-test strength between the 
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two training groups were tested by an analysis of covariance 
to adjust post-training means for differences existing 
in pre-training ability. Table 3 indicates the results 
of the analysis of covariance between the Universal train-
ing group and the free weight training group. The resul-
tant F-ratio of 6.71 was found to be significant at the 
.02 level of confidence. As a result of these findings, 
the null hypothesis was rejected. After eight weeks of 
training, the group that exercised on the Universal Centurion 
demonstrated significantly greater bench press strength 
than did the group that trained with free weights. 
A second analysis was run in order to determine 
the reliability of the two testing devices. Gain scores 
for each subject were computed by subtracting the pre-
test weight from the post-test weight on both the barbell 
test and the Universal test. These gain scores were used 
to compute a t-test for correlated means between the two 
testing devices (i.e., the Universal Centurion and the 
free weights) for each training group. Table 4 presents 
the results for the Universal training group and Table 5 
Table 2 
Means and Standard Deviations for the 
Free Weight Training Group 
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Pre-test Pre-test Post-test Post-test 
Mean SD Mean SD 
Tested on Universal 












Analysis of Covariance on Combined Universal and 
Barbell Test Scores Between the Universal and 
Free Weight Training Groups 
Source of Sum of df Mean F-ratio Variance Squares Square 
Main Effects 1246.968 1 1246.968 6.706 
Covariates 45099.750 1 45099.750 242.529 
Explained 52136.152 2 26068.076 
Residual 3533.166 19 185.956 










t-ratio On Gain Scores Between the Universal Test 
and the Barbell Test for the Universal Training Group 
Universal Barbell Universal Barbell Mean df Test Mean Test Mean Test SD Test SD Diff. 
24.17 31.25 7.93 8.82 7.08 11 
*A t of 2.20 was needed to reach significance at the .05 
level of confidence. 
Table 5 
t-ratio On Gain Scores Between the Universal Test 
and the Barbell Test for the Free Weight Training Group 
Universal Barbell Universal Barbell Mean df Test Mean Test Mean Test SD Test SD Diff. 
17.00 20.50 8.23 10.92 3.50 9 
*A t of 2.26 was needed to reach significance at the .05 





contains the respective data for the free weight training 
group. In both cases the t-ratio was insufficient to 
reach the .OS level of confidence. 
Discussion 
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The analysis of covariance revealed that the Universal 
Centurion was more effective than free weights in increasing 
strength of the muscles that are utilized in the bench 
press exercise. One of the main reasons for choosing 
the bench press exercise to perform this research is that 
the mechanics of the exercise would not change from one 
apparatus to another. However, though technically the 
same exercise when performed on either the Universal 
Centurion or free weights, the bench press when performed 
with barbells requires a certain amount of balancing ability 
that is not necessary when the exercise is done on the 
Universal Centurion. It is possible that a subject who 
must use part of his musculature to prevent a heavily 
weighted bar from moving backwards and forwards or from 
side to side, could not press quite as much weight as 
he could if the same bar was fixed so that it could only 
travel up and down. As a result, the subjects who trained 
on the Universal machine may have been training with weights 
that were closer to the true maximum weight which they 
could press. This may in part explain the greater improve-
ment of the Universal training group. As a result of 
random selection, it is assumed that neither group had 
an advantage in balancing ability. It is suggested that 
this did not influence the difference in post-test results 
between the two training groups. The research of DeLorme 
and Watkins (1948), Buck (1962), and O'Shea (1976:25) 
reveals that the best weight training prescription for 
the greatest strength gain is with maximum weight and 
few repetitions. If the subjects in the Universal group 
were training at closer to the maximum weight they could 
press, it could be expected that they would demonstrate 
significantly greater gains in bench press strength. 
Another consideration which might have a bearing 
on the results of this study is the psychological element 
of fear. When training with free weights, especially 
at or near maximum weight, there is always the possibility 
of dropping the bar on oneself and causing serious injury 
or even death. Such is not the case with the Universal 
Centurion. The bar is fixed and can in no way fall on 
the subject while he is training. This natural fear of 
injury, perhaps unconscious, may have caused subjects 
training with the free weights to exercise throughout 
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the ei3ht-week training period with less than the maximum 
amount of weight which they could press. If this occurred, 
it would have resulted in a less than maximum possible 
strength improvement from pre-test to post-test. Combined 
with a similar effect from the need to balance the bar, the 
result could cause a considerable difference between the two 
training groups. 
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The analysis of covariance, found in Table 3, shows 
significantly greater post-test improvement by the Universal 
training group. However, these results may have been 
affected by the characteristics of the two different testing 
instruments. The pre-test and post-test scores for each 
training group were a combination of test scores on both 
the Universal Centurion and the free weights. The analysis 
of covariance can not show whether or not the results 
were caused equally by both tests or were mainly caused 
by only one of the tests. In order to determine this, 
t-tests for correlated means were computed between the 
two testing methods (i.e., on the Universal Centurion 
and on the barbells) for each training group. The results 
for the Universal training group are found in Table 4 
and those for the free weight group in Table 5. Neither 
test reached significance at the .05 level of confidence. 
Consequently, it is concluded that the difference in post-
test results between the two groups was not caused by 
differences in the two testing instruments. 
These results have valuable implications for those 
individuals who are involved in weight training. These 
implications are dependent however, on the purpose of 
the weight training program. For an individual simply 
interested in developing and maintaining physical strength 
as part of his total fitness program or particularly for 
an athlete wishing to increase upper body strength, the 
Universal Centurion would obviously be the recormnended 
training apparatus. However, as all weight lifting compe-
tition is performed with free weights, it should not be 
extrapolated from the results of this study that an indivi-
dual training for such competition would be wise to train 
on the Universal Centurion. 
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Subjects used in this study were new to weight training 
and as a result were working at far less than their absolute 
maximum weight, even at the end of the eight-week training 
program. As a result, they would have a considerably 
greater range of improvement to reach their absolute maximum 
than.they would if they were experienced weight lifters. 
In experienced weight lifters the range of weight improve-
ment has already been greatly reduced. The limited amount 
of improvement possible to experienced lifters would not 
be sufficient to demonstrate the negative effects (balancing 
the bar and fear of injury) for the barbell group. The 
result could be that a similar study with experienced 
weight lifters as subjects might well produce entirely 
different results. 
Another consideration is that it is possible that 
while a competitive weight lifter might gain more absolute 
maximum strength by training on the Universal Centurion, 
he may find that the type of muscle strength that he has 
gained is less effective in competition where he must 
compete with free weights. While the musculature required 
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for pure extension has been stressed to its maximum, it 
is possible that the support muscles required for balancing 
the free weight bar have not equally increased in strength. 
If such a response occurred from training with the Universal 
Centurion, it is highly possible that, while stronger 
in an absolute sense, this competitor would be less success-
ful in competition than if he had trained with free weights. 
Also, the technique that is learned while training on 
free weights can not be learned while training on the 
Universal Centurion with its fixed bar. This technique 
is essential to a weight lifter who is attempting to lift 
his maximum in competition. A considerable amount of 
further research would be necessary to investigate the 
physical responses to training on these two types of weight 
training equipment as it relates to weight training compe-
tition. 
This study deals only with the bench press exercise 
and must not be used for support to claim that the Universal 
Centurion is superior to free weights in every way. Each 
type of apparatus can be utilized for exercises which 
improve muscular fitness but which are impossible to per-
form on the other apparatus. Also, simply because the 
bench press exercise has demonstrated superior strength 
improvement when performed on the Universal machine, it 
would be presumptious to assume that all other exercises 
which can be performed on either apparatus, such as leg 
squats or the military press, would also prove to be 
superior on the Universal Centurion. Further research 
would be needed to support such a claim. 
The Universal Centurion, though containing only 
a limited number of exercises, does have improved ease 
of operation. Many facilities with weight training equip-
ment cater largely to business men and women and other 
working clientele who work out at the noon hour or at 
other times when they have a limited amount of time to 
train. The results of this study would favor the Universal 
Centurion even more for such an individual training on 
a time limited program. In this research both experimental 
groups performed an equal number of presses each day. 
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Due to the ease of changing weight with the Universal 
Centurion, many more presses are possible in a given period 
of time. If this study were repeated on a time limited 
basis rather than equalizing the number of presses between 
the two groups, it could be expected that an even greater 
difference in favor of the Universal training group would 
result. 
Chapter 5 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary 
With the increased emphasis on physical fitness 
in the past two decades, weight training has become in-
creasingly popular with the general populace as one method 
to achieve muscular fitness. At the same time, amateur 
and professional athletes continue to seek the most produc-
tive means of improving performance. In many sports, 
weight training for strength improvement is a common means 
to reach even higher levels of athletic excellence. 
There are many different types of weight training 
equipment available to those involved in this field of 
exercise. The purpose of this study was to determine 
if two of the most popular types of weight training equip-
ment, free weights and the Universal Centurion, would 
provide equal strength improvement in the bench press 
exercise. 
Twenty-two young adult men who voluntarily enrolled 
' 
in weight training classes offered by Loma Linda University 
were used as subjects. Their ages ranged from eighteen 
to twenty-six years, with the mean age being twenty years. 
All subjects were previously inexperienced in weight 
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training and were randomly divided into either a free 
weight training group or a Universal training group. 
Regardless of the method of training, both groups 
were pre- and post-tested on both the Universal Centurion 
and the barbells. Subjects trained on their respective 
equipment for eight weeks between the two tests. 
44 
Pre- and post-test scores for each subject were 
computed by combining their test scores on the Universal 
Centurion and the barbells. Scores between the two training 
groups were analyzed by means of an analysis of covariance. 
The analysis revealed an F-ratio of 6.71, significant 
beyond the .02 level of confidence, in favor of the Universal 
training group. 
Conclusion 
Within the limitations of this study, the fo.llowing 
conclusion appears to be justified: 
An individual using the bench press exercise to 
improve upper body strength would experience significantly 
greater strength gain by training on the Universal Centurion 
rather than with free weights. 
Recommendations 
Through the 1960s and 1970s and now into the 1980s, 
the growing awareness of the individual need for physical 
fitness has continued. Currently, many different types 
of weight training equipment are being used to achieve these 
goals. In most cases the effectiveness or noneffectiveness 
of these different types of equipment is either unknown 
or unsubstantiated. In light of this, the following recom-
mendations are suggested: 
1. That this study be repeated with subjects who 
are experienced weight lifters, 
2. That this study be repeated on a time limited 
workout basis rather than equalizing the number of presses 
between the two training groups, 
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3. That similar studies be made between the Universal 
Centurion and free weights to determine their relative 
effectiveness on different exercises, 
4. That additional studies be made between other 
types of weight training equipment to determine their 
effectiveness in developing muscular strength. 
APPENDIX 
COMBINED UNIVERSAL TEST AND BARBELL TEST RAW DATA 
FOR PRE- AND POST-TESTS 
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UNIVERSAL TRAINING GROUP BARBELL TRAINING GROUP 
Subjects Pre-Test Post-Test Subjects Pre-Test Post-Test 
1. 245 310 1. 230 290 
2. 275 315 2. 315 340 
3. 235 300 3. 330 360 
4 . 265 320 4 . 235 260 
5. 155 205 5. 345 360 
6 . 205 255 6. 240 275 
7. 205 255 7. 290 320 
8. 230 305 8. 330 385 
9. 300 345 9. 365 430 
10. 285 340 10. 325 360 
11. 325 380 
12. 235 295 
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